This study examined effects of three substances that cause mucosal provocation (histamine, ethanol, and the detergent dioctylsodium sulphosuccinate (DOSS)) on the flux of solutes across airway vascular mucosal barriers in anaesthetised guinea pigs. The inward flux was assessed as absorption of iodine-131 labelled albumin (MW 69 000) from the tracheobronchial surface into the circulation and the outward flux as the exudation of two intravenously administered plasma Plasma exudation may occur in asthma and contribute to the pathogenesis of the disease. ' We have previously shown that inflammatory provocation of the guinea pig tracheobronchial mucosa causes prompt exudation of plasma into the airway tissue and lumen.23 The entry of substantial amounts of large solutes from plasma into the lumen shows that the exudation permeability of the epithelial lining has greatly increased. It is widely believed that such changes in epithelial permeability are bidirectional and hence that increased exudation is associated with increased absorption of luminal material across the epithelium."7 Recent in vivo and in vitro observations in guinea pig airways, however, suggest that the changes associated with inflammation are predominantly exudative.89
fluorescein isothiocyanate conjugated (FITC) dextran (MW 70 000)-into the airway. The absorption of technetium99m labelled DTPA (MW 492) from the tracheobronchial airways was determined in separate experiments. Histamine (5 0 nmol) dissolved in 40 I1 saline and superfused on to the tracheobronchial mucosal surface caused significant and similar entry of 125I albumin and FITC dextran into the airway lumen. This dose of histamine did not, however, alter the absorption of small ("mTc DTPA) or large ('31I albumin) solutes across the airway mucosa. Ethanol (0 17 ymol), superfused in the same way, also caused significant exudation of the plasma tracers into the airway lumen. In addition, ethanol increased the absorption of "'lI albumin without causing change in the disappearance rate of "mTc DTPA. The detergent, DOSS (0f28 nmol), dissolved in ethanol (0-17 pmol), caused a pronounced increase in exudation and much increased absorption of small and large tracer solutes. Thus three patterns of change in airway mucosal barriers were found. The agents that are toxic to membranes, ethanol and DOSS, caused a bidirectional increase in permeability across the mucosa, whereas histamine caused only an outward exudative flux. The results obtained with histamine are similar to those seen previously with bradykinin, capsaicin, and allergen, suggesting that endogenous inflammatory mediators have a role in mucosal defence, producing entry of plasma exudates into the airway lumen without increasing the mucosal absorption of luminal material.
Plasma exudation may occur in asthma and contribute to the pathogenesis of the disease. ' We have previously shown that inflammatory provocation of the guinea pig tracheobronchial mucosa causes prompt exudation of plasma into the airway tissue and lumen. 23 The entry of substantial amounts of large solutes from plasma into the lumen shows that the exudation permeability of the epithelial lining has greatly increased. It is widely believed that such changes in epithelial permeability are bidirectional and hence that increased exudation is associated with increased absorption of luminal material across the epithelium."7 Recent in vivo and in vitro observations in guinea pig airways, however, suggest that the changes associated with inflammation are predominantly exudative.89
Mucosal challenge with allergen, bradykinin, and capsaicin caused a 15-20 fold increase in the luminal content of plasma tracers with no concomitant increase in the absorption of tracer molecules from the airway lumen.9 Data obtained in vitro suggest that the unidirectional flux of macromolecular solutes into the airway lumen may be via hydrostatic pressure operated valve like passages between epithelial cells.'0 ' Morphological and functional data also suggest that after exudation of unfiltered plasma into the lumen the epithelial lining promptly resumes its normal tightness. '3 Data from nasal studies in man also support these findings. Svensson et al " found that the nasal mucosa responded to repeated histamine applications with a reversible and repeatable exudative response even when the interval between the histamine applications was as short as 30 minutes. Greiff et al 5 showed that the change in mucosal permeability was unidirectional as the absorption of chromium-51 labelled EDTA (MW 372) across the mucosa was not increased with prolonged histamine induced exudation. Entry of a plasma exudate into the airway lumen should be considered as a first line defence mechanism of the normal mucosa,8 in view of the prompt response to provocation and the non-injurious and unidirectional nature of the process.3 9 11 15 In this study we Male guinea pigs weighing about 400 g, and with a normal weight gain during 10 days' observation, were used. After starvation for four hours the animals were anaesthetised with a 3:2 mixture of ketamine (50 mg/ml) and xylazine (20 mg/ml) 1 0 ml/kg intramuscularly. These drugs maintain stable anaesthesia during experiments and exert little effect on arterial blood pressure. '6 To prepare for tracheal superfusion, a thin plastic tube (outer diameter 0-6 mm) was introduced into the proximal tracheal lumen via the modth and positioned with its tip about 1 cm below the larynx.' The fibrinogen, entered the airway lumen. These data confirm the non-traumatic nature of the techniques we used for the mucosal challenge and subsequent retrieval of mucosal surface liquids. 3 We have previously shown that after circulation in plasma and exudation into the airway lumen over 25 minutes the binding of 131I to albumin is at least as tight as it was in the standard solution injected intravenously.3 The present gel filtration results show equally good stability for 131I albumin after it had been superfused on the airway mucosal surface and absorbed into the circulation.
Histamine increases exudation of plasma into the airway lumen in a dose dependent manner.' This exudation with histamine (5 0 nmol) has now been confirmed with both charged (125I albumin) and uncharged (FITC dextran) plasma tracers. The close correlation between the two tracers in the exudate (table) confirms previous data,23 and support the view that the entry of albumin into the airway lumen in response to inflammation is largely an unfiltered flow ofplasma across the airway endothelial-epithelial barriers rather than a secretory event.2'
The 10 fold increase in 125I albumin exuda- tion in response to histamine was not associated with any increased absorption of the luminal "'lI albumin tracer. In this respect histamine mimicks the action of bradykinin, capsaicin, and allergen in guinea pig tracheobronchial airways.9 This is the first study to use histamine and to employ exudation and absorption tracers in the same animal.
Our study shows that during exudation the absorption barrier is also maintained for small solutes such as "mTc DTPA (MW 492 concluded that absorption was increased. As the airway distribution of histamine, allergen, and horseradish peroxidase in these studies is unknown, making direct comparisons with the present findings is difficult. When we used our superfusion technique to administer a muscarinic agonist (carbachol) together with an absorption tracer we could not confirm the report that muscarinic agonists increase the absorption permeability of the airways.5 Thus our present and previous data9 suggest that neither mediators that cause exudation (histamine, bradykinin, capsaicin, and allergen) nor those that do not (muscarinic agents) increase tracheobronchial absorption of luminal solutes.
Histamine is an endogenous agent that may be released in airway defence operations,8 whereas DOSS and ethanol may be considered as agents with non-specific toxic effects on the airway mucosa. DOSS may be similar in its action to large doses of another detergent, lysophosphatidylcholine, which is known to cause severe damage to the mucosa." In our study ethanol, used as a vehicle for DOSS, caused exudation of plasma. It also increased the absorption of "3'I albumin but did not affect the rate of disappearance of 99"Tc DTPA, indicating that it may increase macromolecular absorption across the mucosa specifically in addition to causing exudation of plasma. The mechanism underlying the present size dependent permeability changes remains unknown, but a distinction between small and large solute permeability has previously been observed in intestinal mucosa. 9 DOSS (given with ethanol) caused pronounced increases in both the exudation (outward) and absorption (inward) permeabilities of the airway mucosa. Three patterns of changes in the mucosal barrier functions were thus recorded: histamine producing exudation without increasing absorption, ethanol producing exudation and selectively increasing large solute absorption, and DOSS plus ethanol producing massive exudation and large increases in small and large solute absorption. The tissue response common to the three provoking stimuli was exudation of plasma, which is consistent with the view that this response is a primary defence mechanism.8 Further studies are warranted to = determine the mechanisms concerned in the '-abnormalities of increased airway absorption observed with ethanol and DOSS.
In conclusion, this study has shown that histamine produces exudation of plasma into the airway lumen with no concomitant increase in the absorption of small and large solutes from the lumen. This appears to be a specific E-I action of endogenous mediators because toxic inflammatory factors produced changes in the absorption permeability of the mucosa in addition to increased exudation. These observations support the view that a main purpose of _, autacoid induced plasma exudation responses pig airway mucosa in vivo. on exudation and absorption across guinea Effects of histamine, ethanol, and a detergent 
